This paper investigates the overall energy performance of a ventilated amorphous silicon photovoltaic (a-Si PV) window under different operation strategies in the hot-summer and cold-winter zone. A validated numerical model based on EnergyPlus was developed and utilized to simulate the thermal, power and overall energy performance of the a-Si PV window. With the integrated numerical model, the effects of air gap depth and ventilation modes on the electricity generation, energy consumption of the air conditioning system and building net energy consumption was investigated. The results indicate that the natural ventilation mode of the ventilated a-Si PV window performs best in summer while the non-ventilation mode is the best choice in winter in the hot-summer and cold-winter zone, Changsha. With the increasing of air gap depth, the net electricity use decreases first and then increases. Based on the simulation results, the optimal structure designing and ventilation operation strategy are recommended. The findings of this paper could provide guidelines for optimizing the structure and the operation strategy of the ventilated a-Si PV windows in hot-summer and cold-winter zone in China.
Introduction
As an essential component of building envelopes, windows play an important role in influencing the cooling/heating loads and lighting energy use of buildings. In general, conventional glass materials are used on Chunlei Wang et al. / Procedia Engineering 205 (2017 ) 2092 -2099 2093 2 Chunlei Wang et al./ Procedia Engineering 00 (2017 modern office building windows for its aesthetic visual effect. However, solar heat gain and heat loss through glass facades cannot be ignored due to its high transmittance and poor insulation performance [1, 2] . As an advanced facade technology with superior thermal insulation performance, double-skin facades have attracted increasing attention [3, 4] . In recent years, with the development of semi-transparent photovoltaic (STPV) technologies, a ventilated window, which is integrated with STPV modules, can not only reduce the heat transfer through the window, but also generate electricity to compensate the air-conditioning energy use [5, 6] . Lots of studies focusing on the energy performance of PV windows or other advanced facades have been conducted using simulation or experiment methods. Fung et al. [7] presented a one-dimensional transient heat transfer model of STPV modules to evaluate heat gain through the building integrated photovoltaic (BIPV) glazings. The results indicated that solar heat gain is the major component of the total heat gain. Chow et al. [8] studied the thermal performance of a naturally ventilated STPV window as well as the impact on cooling load reduction using ESP-r. The simulation results showed that the naturally ventilated PV window could reduce the annual air-conditioning energy use by 28% when compared to the common absorptive glazing window. He et al. [9] compared the thermal performance of single-glazing and doubleglazing a-Si PV windows in East China by experiments. The results expressed that the indoor heat gain of the double-glazing a-Si PV window was reduced to 46.5% of that of the single-glazing a-Si PV window. Li et al.
[10] simulated the energy performance of a semi-transparent a-Si PV facade. The simulation results showed that STPV facades with a dimming control system could save annual building electricity by 1203 MWh and reduce the peak cooling load by 450 kW. Ng et al. [11] analyzed the energy saving potential of a STPV window utilizing EnergyPlus. It was found that BIPV windows were superior to the other glazing windows in highly glazed buildings. Olivieri et al.
[12] evaluated the energy saving potential of STPV facades based on different window-to-wall ratios and transmittances. The energy saving of STPV windows ranged between 18% and 59%.
Consequently, it is worth considering that most of the previous research focused on single-glazing STPV windows. The majority of research about double-skin STPV windows concentrated on thermal performance, such as solar heat gain, heat loss. In contrast, the impact of ventilation modes and air gap depth of double-skin STPV window on energy saving potential have rarely been studied. In this study, an integrated numerical simulation model based on EnergyPlus is developed to simulate the overall energy performance of a ventilated a-Si PV window in Changsha, where experiences hot-summer and cold-winter climate. The numerical model is then validated against experimental data. With the validated model, the impacts of ventilation modes and air gap depth are also analyzed to optimize the a-Si PV window structure and the ventilation operating strategy.
Methods

Simulation model in EnergyPlus
As shown in Fig.1 , the ventilated a-Si PV window consists of an a-Si PV module as its outside layer, an indoor opening clear glass window as its inner layer, and a 400mm depth airflow cavity. In hot weather in summer, the airflow passing through the cavity and louvers is able to remove the waste heat of the PV panels to lower down the temperature of the window, which can reduce the cooling load of the office room and increase the electricity generation of PV modules as well. In cold weather in winter, the enclosed air cavity could insulate heat transfer from windows. 
